A recent meta-analysis of 44 epidemiologic studies suggested that almost 1 in 10 cardiovascular events can be attributed to medication nonadherence. 1 For statins, the average prevalence of nonadherence, defined as taking less than 80% of the prescribed medication, was as high as 46%. 1 Multiple patient-, physician-and health system-related factors are known to affect adherence to long-term drug treatment; 2 however, easily detectable predictors of nonadherence are lacking.
Previous research has consistently shown that patients with a history of cardiovascular events, hypertension or diabetes have better adherence to statin therapy than individuals without these conditions. 3−5 Patients who adhere to preventive drug treatment are often assumed to also have an otherwise healthier lifestyle than those with poor adherence. 6−8 Accordingly, some studies have found current smoking status 9−14 and high alcohol consumption 14, 15 to be associated with nonadherence to lipid-lowering therapy. In a Canadian study involving patients in primary care practices, those who reported regular exercise or a healthy diet had high scores of self-reported statin adherence. 16 Also, obesity has been linked with good adherence to statin therapy. 10, 14 However, results have been inconsistent, with some studies showing no association between adherence and obesity 12, 17 or physical activity, 12, 14 or even an association between adherence to statins and smoking history. 17 Furthermore, few studies have provided information on the association between lifestyle factors and statin adherence stratified by cardiovascular comorbidity, which may modify these associations.
Lifestyle factors as predictors of nonadherence to statin therapy among patients with and without cardiovascular comorbidities
Background: Easily detectable predictors of nonadherence to long-term drug treatment are lacking. We investigated the association between lifestyle factors and nonadherence to statin therapy among patients with and without cardiovascular comorbidities.
Methods:
We included 9285 participants from the Finnish Public Sector Study who began statin therapy after completing the survey. We linked their survey data with data in national health registers. We used prescription dispensing data to determine participants' nonadherence to statin therapy during the first year of treatment (defined as < 80% of days covered by filled prescriptions). We used logistic regression to estimate the association of several lifestyle factors with nonadherence, after adjusting for sex, age and year of statin initiation. Interpretation: People with cardiovascular comorbidities who had risky drinking behaviours or a cluster of lifestyle risks were at increased risk of nonadherence. Among individuals without cardiovascular comorbidities, information on lifestyle factors was unhelpful in identifying those at increased risk of nonadherence; that overweight, obesity and former smoking were predictors of better adherence in this group provides insight into mechanisms of adherence to preventive medication that de serve further study.
Results
Dyslipidemia guidelines usually recommend that patient management be focused on total cardiovascular risk, rather than solely on the presence or absence of cardiovascular disease, and emphasize the promotion of a healthy lifestyle to prevent cardiovascular disease. 18, 19 Therefore, a decision to prescribe a statin typically involves assessment of the patient's lifestyle.
We investigated the association between lifestyle factors readily available to prescribers (body mass index [BMI] , smoking status, alcohol use and physical activity) and nonadherence to statin therapy separately among patients with and without cardiovascular comorbidities in a large cohort of Finnish employees in the public sector.
Methods

Study population and design
We obtained data from the Finnish Public Sector Study, 20 a prospective study involving all 151 901 public sector employees in 10 municipalities and 21 hospitals from 1991 to 2005. The employees cover a wide range of occupational groups, from city mayors to semiskilled cleaners, the largest groups being nurses and teachers.
We initially included the 80 459 participants who responded to 1 or more of the surveys in 1997, 2000, 2004 and 2008 (average response rate 70%). The questionnaire was designed to collect information on demographic characteristics, lifestyle factors and health status. We linked the survey data to data from national health registers 21, 22 using the participants' unique personal identification numbers. For the final study cohort, we included the 9285 participants who began statin therapy between Jan. 1, 1998, and Dec. 31, 2010, after completing the survey and had not been dispensed statins in the previous 2 years. Follow-up data for adherence to statin therapy were available to Dec. 31, 2011.
Assessment of adherence to statins
In Finland, statins are available by prescription only. National Health Insurance provides coverage for prescription drugs to all (about 5.4 million) residents living in the community. All reimbursed prescriptions are registered in the Finnish Prescription Register managed by the Social Insurance Institution. 21 For each drug, the dispensing date, the World Health Organization Anatomic Therapeutic Chemical code 23 and the quantity dispensed are recorded.
The outcome of interest was nonadherence to statins (code C10AA) during the first year after initiation. We measured adherence according to the proportion of days covered by prescriptions dispensed during the 365-day period multiplied by 100, assuming a daily dose of 1 tablet. 24 We took hospital admissions into account by subtracting the number of inpatient days from the denominator 365. We defined nonadherence as less than 80% of days covered by filled prescriptions.
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Assessment of lifestyle factors
We assessed lifestyle factors using standard questionnaire measurements. 25, 26 We calculated each participant's BMI using self-reported weight and height and divided the cohort into 3 groups: normal weight (BMI < 25), overweight (BMI 25-29.9) and obese (BMI ≥ 30). Smoking status was reported as none, former or current. From responses to questions about alcohol use, we determined the number of units of alcohol per week (1 unit = 120 mL of wine, 40 mL of spirits or 330 mL of beer). The cut-off for high consumption was 16 drinks per week for women and 24 per week for men. 26, 27 Participants who reported having passed out owing to heavy alcohol consumption at least once during the 12 months before the survey were determined to have extreme drinking occasions. We measured physical activity using the metabolic equivalent of task (MET) index; the sum score of MET hours was used to identify active (> 4 h), moderate (2-4 h) or low (< 2 h) physical activity.
In addition, we defined a summary variable reflecting total lifestyle-related cardiovascular risk. 25 The unhealthiest level of each factor (current smoking, obesity, high alcohol consumption or extreme drinking occasions or both, and low physical activity) was coded as being present or absent. The number of lifestyle risks was grouped into 3 categories (0, 1-2 or 3-4 risks).
For participants who responded to more than one survey before starting statin therapy, we selected the most recent survey. The mean lag between the survey and statin initiation (± standard deviation) was 3.4 ± 2.4 years.
Other variables
We considered cardiovascular comorbidities, including cardiovascular diseases and diabetes, as modifiers of the associations between lifestyle factors and nonadherence. We identified these comorbidities using linked data from special reimbursement and hospital discharge registers (entitlements to special reimbursement for drug treatment of chronic hypertension, heart failure, coronary artery disease or diabetes at statin initiation, or hospital admission for these conditions, stroke or arrhythmias during the 36 months before statin initiation). 28 We treated other comorbidities (e.g., cancer, depression and self-rated health) 14 
Statistical analysis
We used a logistic regression model to estimate the association between each lifestyle factor and nonadherence. According to the study aim, the main analyses were done separately for respondents with and without cardiovascular comorbidities. Each model was first adjusted for sex, age (24-50, 51-60 and 61-75 yr) and, because of changes in prescribing practices and statin costs over time, 34 the year of statin initiation. The final model was further adjusted for other confounders (education, marital status, residential region, suboptimal self-rated health, use of antidepressants and cancer) and mutually for other lifestyle factors); it included only respondents with complete data on all confounders. The associations be tween the number of lifestyle risks and nonadherence were analyzed correspondingly.
In a sensitivity analysis, we used a continuous proportion (percentage) of days covered by filled prescriptions as the outcome. We tested the mean difference (95% confidence interval [CI]) in proportion of days covered across the levels of each lifestyle factor using analysis of variance and adjusting for sex, age and year of statin initiation.
We analyzed data using SAS software, version 9.2 (SAS Institute Inc., Cary, NC).
Ethics approval
The study was approved by the ethics committee of the Hospital District of Helsinki and Uusimaa.
Results
From the eligible population of public sector employees, we identified 11 949 who began statin therapy between Jan. 1, 1998, and Dec. 31 Among the respondents, those without cardiovascular comorbidities (n = 6458) were more likely to be female, younger, more educated and from southern Finland and less likely to rate their health as suboptimal than those with cardiovascular comorbidities (n = 2827) ( Table 1) . More than half (53.5%) of those without cardiovascular comorbidities had 1 or more lifestyle risks: (Table 3) . Nonadherence to statins during the first year of treatment was slightly more common among the nonrespondents than the respondents (52.4% v. 46.7%). The corresponding figures were 55.0% and 49.1% among those without cardiovascular comorbidities at statin initiation, and 47.9% and 40.9% among those with such comorbidities. Among all respondents, nonadherence was more common among women, people younger than 61 years, and those who were single (Table 4) . No difference in nonadherence was observed among those with complete data compared with those with missing data on at least 1 lifestyle factor (data not shown).
Among the participants without cardiovascular comorbidities, obesity (odds ratio [OR] 0.86, 95% CI 0.74-0.99), overweight (OR 0.88, 95% CI 0.79-0.98) and former smoking (OR 0.82, 95% CI 0.74-0.92) predicted reduced odds of non adherence after adjustment for sex, age and year of statin initiation. Further adjustment for other confounders and lifestyle factors had little effect on these associations ( Table 2) .
Among the participants with cardiovascular comorbidities, high mean alcohol consumption (Table 3) .
In our sensitivity analysis with a continuous adherence measure, obesity, overweight and former smoking were associated with an increase in the mean proportion of days covered by filled prescriptions among those without cardiovascular comorbidities (Appendix 1, available at www .cmaj .ca /lookup/suppl/doi:10.1503 /cmaj .131807 /-/DC1). Among those with cardiovascular comorbidities, extreme drinking occasions and a cluster of 3-4 lifestyle risks were associated with a decrease in the mean proportion of days covered.
Interpretation
In our study involving a large cohort of public sector employees, we found that overweight, obesity and former smoking were associated with reduced odds of nonadherence to statin therapy among individuals without cardiovascular diseases or diabetes. Information on lifestyle factors was unhelpful in identifying those at increased risk of nonadherence in this group. Among par- Note: CI = con dence interval, OR = odds ratio, ref = reference group. *Nonadherence = < 80% of days covered by lled prescriptions. †Hypertension, heart failure, coronary artery disease, diabetes, stroke or arrhythmias. ‡Percentages are based on row totals. §Adjusted for sex, age and year of statin initiation. ¶Adjusted for factors in the rst model plus education, marital status, residential region, suboptimal self-rated health, use of antidepressants, cancer and other lifestyle factors; 308 participants were excluded from this model because of missing data on at least 1 lifestyle factor (except for the no. of lifestyle risks) or covariate.
ticipants with cardiovascular comorbidities, high alcohol consumption, extreme drinking occasions (passing out because of alcohol use) and having 3-4 lifestyle risks were predictors of nonadherence. Our sensitivity analysis, in which adherence was treated as a continuous measure, supported the robustness of these findings.
The rates of nonadherence in our study are similar to those previously reported from Finland 35 and elsewhere, 1, 4 including studies involving nonworking and older populations. As expected, 3−5 patients with a history of cardiovascular disease or diabetes had better adherence to statin therapy than those without these comorbidities. Because of their increased risk of cardiovascular events, 19 patients with comorbidities likely have a strong perception of the need for statin treatment. 36 Also, overweight and obese patients have an increased cardiovascular risk 19 and may also have higher cholesterol levels; thus, a greater clinical need for statin therapy may strengthen their motivation to adhere to treatment. 36, 37 Accordingly, among participants in our study who did not have cardiovascular comorbidities, those who were obese, overweight or former smokers had better adherence than those without these risk factors.
Our findings of associations between nonadherence and high levels of alcohol consumption and clustering of unhealthy lifestyle behaviours among patients with cardiovascular comorbidities support the notion that people who adhere to longterm drug therapy follow a healthier lifestyle. Two previous studies examined the association between alcohol use and adherence to statins and reported findings similar to ours, 14,15 although they did not separate findings by cardiovascular status. Many potential explanations for this association exist. Heavy drinkers may intentionally avoid taking medication because of potential drug-alcohol interactions, they may unintentionally miss doses or even refills because of intoxication, or they may simply be less concerned about missing doses.
Limitations
Because of the universal drug reimbursement system in Finland and the availability of statins by prescription only, the Prescription Register provided comprehensive data on filled statin prescriptions. Nevertheless, we were unable to de termine if, and to what extent, dispensed medications were not used. In addition, self-reporting tends to underestimate obesity and overweight, 38 as well as smoking and alcohol use. 39, 40 This underascertainment of nonadherence and lifestyle risks most likely had little effect on our results; if anything, it may have attenuated the observed associations.
People with the unhealthiest lifestyles and highest rates of nonadherence may be less likely to participate in a study than those with a healthier lifestyle. However, in our study, the nonadherence rate among nonrespondents was only 5 percentage points higher than the rate among respondents. Thus, major bias due to selection or missing data seems unlikely.
One reason for the lack of association be tween lifestyle factors and nonadherence among participants without cardiovascular comorbidity may be that the levels of risk factors observed did not accurately reflect those present at statin initiation: participants who exhibited better adherence may have changed their lifestyle before statin initiation. A Danish study involving people with high cholesterol levels reported that improvement in physical activity and dietary habits predicted initiation of statin therapy during a 5-year follow-up. 41 In our study, the lag between lifestyle measurement and statin initiation was 3 years on average. We tested whether lag time modified the associations between the lifestyle factors and nonadherence by including an interaction term "lag*lifestyle factor" in each model adjusted by sex, age and year of statin initiation. We found a statistically significant interaction between lag time and extreme drinking occasions in a subpopulation with cardiovascular comorbidities (p for interaction = 0.04). The association between extreme drinking occasions and nonadherence was stronger among those with more recent responses (data not shown).
We did not assess serum lipid levels or patient's total cardiovascular risk, which may have affected the perceived need for statin therapy and adherence to it.
Conclusion
The association between lifestyle factors and nonadherence to statin therapy varied according to cardiovascular comorbidity status. People with cardiovascular comorbidities who had risky drinking behaviours or a cluster of lifestyle risks were at increased risk of nonadherence. Among those without cardiovascular comorbidities, information on lifestyle factors was unhelpful in identifying individuals at increased risk of nonadherence. However, the observation that overweight, obesity and former smoking were predictors of better adherence in this group provides insight into mechanisms of adherence to preventive medication that deserve further study.
